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INTRODUCTION 
 

     Man has always been exposed to ionizing radiation from natural sources and background 
exposure varies with the locations. No deleterious effects have been uniquely correlated,  
either they are not produced at low levels of exposure or their frequency is too low to be 
statistically observable. Direct source of information on radiation hazards in man is obviously 
based on follow up of population groups exposed to certain levels of radiation. Harmful 
effects of ionizing radiations are traced to  documented exposures; for radiologists during 
1920s and 30s, miners exposed to airborne radioactivity, workers in the radium industry, 
follow-up data of Japanese nuclear bomb survivors of Hiroshima and Nagasaki, the 
Marshallese accident in 1954, and the victims of the limited number of accidents at nuclear 
installations including Chernobyl. Mostly these information are from situations involving 
higher doses and dose rates.  
          
      Ionizing radiations have been used extensively on the peaceful applications of atomic 
energy in general and medical applications in particular have shown to outweigh benefits over 
the risks. Personnel, low magnitude of exposures  are encountered during routine work in 
handling radiation sources. In the light of present knowledge there is need to reassess the 
quantum of actual risk instead of projected risk based on long time models.  
 

EFFECTS OF LOW DOSES 
 

      The United Nations Scientific Committee on the Effects of Atomic Radiation 
(UNSCEAR)  described  models  for dose-response relationships and micro-dosimetric 
arguments for defining low doses.  The definition of low doses could also be based on direct 
observations in experimental or epidemiological studies. Through measurement of cell 
damage or death using human lymphocytes, linear and quadratic terms have been fitted the 
response and low doses have been judged to be 20-40 mSv. Data derived from 
epidemiological studies, mainly the atomic bomb survivors, suggests that for solid tumours 
and leukaemia, 200 mSv could be considered the upper limit for low dose exposure. 
Mechanistic models give quantitative estimates considering cellular repair, transformation, 
survival, energy deposition, cellular and track structures.  
  

RISK AT LOW DOSES 
 

      The established model for determining carcinogenic effects at low doses in radiation 
protection is based on the hypothesis that the cancer incidence increases proportionally with 
radiation dose. A so-called linear no threshold model (LNT) has major implication of no-
threshold for stochastic effects regardless of how low they are.   Some risk potential for 
carcinogenisis must be accepted at any level of protection. Therefore, current belief is that 
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exposure to ionizing radiation, no matter how small, carries a risk of detriment with the risk 
being proportional to the dose accumulated. UNSCEAR  models involve excess relative risk 
(ERR) depending  on gender and age-at exposure, and another model  the ‘attained-age-
model’, the ERR depends on gender and attained age, i.e. the age at death or incidence of 
cancer.  
 

RECOMMENDED DOSE LIMITS FOR OCCUPATIONAL WORKERS 
 

      Dose limits of ICRP 60 (1990) apply to occupational and public exposures;  based on the 
evaluation of detriment  from continuous exposure over a working life time of 47 years (18-65 
years). Consideration based on  ‘just short of unacceptable’ assuming a maximum risk figure 
of 1:1000 ( 10-3 per year) mortalities.  With available database, the Health Physics Society 
recommends ‘against’ quantitative estimation of health risks below an individual dose of  50 
mSv (5 Rem) in one year; or a life time dose of 100 mSv (10 Rem) above that received from 
natural sources. Though the recommended annual dose equivalent limit is 20 mSv,  recent 
survey showed a  mean cumulative dose of 19.4 mSv from pooled analysis of nuclear workers 
from 15 countries.   
       
      Another study indicated cumulated doses 0-20mSv, 20-100 mSv, >100mSv in 87.3%, 
10.8% and 1.9% of monitored radiation workers respectively. This is far low compared to the 
dose received from background radiations, at the rate of about 2.4 to 3.0 mSv/year. 
 

EPIDEMIOLOGICAL STUDIES 
 
      Epidemiological studies expressed difficulties in quantifying the risk after exposure to 50 
mSv, as  the additional increase in death due to cancer is 0.5%. Another important study of 
atomic bomb survivors estimated 75000 subjects with radiation dose less than 200 mGy 
which implies that this dose does not increase the risk.   
       
     Considerable debate is on the possibility of a dose below which there is no excess risk. The 
threshold discussion is probably even more relevant after low dose rate exposure since 
protracted exposure might theoretically allow for molecular repair. Life span study (LSS) 
considers threshold being 0 Sv, gives an upper limit to the confidence interval of 60 mSv. 
Linear no threshold (LNT)  model states that any exposure to ionizing radiation, no matter 
how small, carries with it a commensurate risk of detriment (i.e fatal cancer or heritable 
genetic effect), with risk being proportional to the dose accumulated. 
  

HEALTH EFFECTS AT LOW DOSES 
 
       It is reported that the LNT hypothesis for cancer risk appears scientifically unfounded and 
invalid in favour of a threshold or hormesis. This is consistent with data both from animal 
studies and human epidemiological observations on low-dose induced cancer.. It has been 
postulated that by exposing cells to a low dose of ionizing radiation would make them less 
susceptible to a later high dose exposure. Animal studies have shown prolonged latency 
periods for leukaemia and more efficient DNA repair in mice previously exposed to an 
adapting dose compared to those not pre-irradiated. Even a beneficial effect of low dose of 
ionizing radiation, termed hormesis, has been discussed and the belief is that metabolic 
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detoxification and cell repair benefits from doses in the range of 1-50 mSv. It has even been 
suggested that atomic bomb survivors have had a beneficial effect (hormesis) of the exposure 
to ionizing radiation. 
Supportive data in the last two decades relating to  health effects of low-level ionizing 
radiation (LLIR) are available from large epidemiologic data sets such as those acquired from 
study of atomic bomb survivors, nuclear industry workers, and medically exposed patient 
cohorts. Epidemiological data on residents exposed to high back ground (BG) natural 
radiations, and radiation workers (Table-1) showed reduced life time risk of cancer with 
statistical significance, which supports the claim that low quantities of radiations make 
subjects healthier.    Most current estimates of the health impact of population exposures to 
low-level ionizing radiations (LLIR) continue to use a ‘risk per person per rem’ extrapolation 
which tacitly assumes that proportionally scaled high level exposures will accurately reflect 
the epidemiologic consequences of LLIR. Hormeticists argue that these scaled epidemiologic 
extrapolations are invalid and that the majority of the available experimental data on LLIR do 
not support a significantly adverse health effect; rather much of the data suggest some 
theoretical and experimental ‘benfits’ accruing from such exposures. There are two other  
low-dose phenomena, 1) The bystander effect tends to ‘exaggerate’ the effect of low doses, by 
communicating damage from hit to non-hit cells, while 2) the adaptive response confers 
‘resistance’ to a subsequent dose by a low initial priming dose.  
 
 

PROTECTIVE RESPONSES 
 

     Increasing evidence in the literature over the past 25 years indicates that adaptive 
protection responses occur in mammalian cells in vivo and in vitro after single as well as 
protracted exposures to X- or gamma radiation at low doses. Protective responses occur in 
various ways. They appear to depend on mammalian species, individual genomes, cell types, 
cell cycle, and cell metabolism. Adaptive protection categories after single low-dose, low-
LET irradiation, are as follows. Since DNA damage and cancer in mammals arise mainly 
from non-radiogenic sources, it is justified to relate the low-dose induced various adaptive 
protection mechanisms mainly to non-radiogenic, i.e. ‘‘spontaneous’’ DNA damage and 
cancer in addition to their potential effect against radiogenic damage and cancer. Graphs 
summarizing the application of the model of risk evaluation after single low-dose irradiation 
are shown in Fig.1. This illustrate that low-doses induce adaptive protection against DNA 
damage and its accumulation in tissue, mainly from endogenous, i.e. ‘‘spontaneous’’ sources, 
and that these can counterbalance radiation effects. The net risk of cancer becomes lower than 
predicted by the LNT-hypothesis, or even negative with more benefit than damage to the low-
dose exposed system.  
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Table- Effects of low level radiations in humans 

                  
          High background natural radiations          Occupational Exposures No

.       Related studies  Epidemiological 
observations 

      Related Studies Epidemiological 
observations 

1 
 
 
 
2 
 
 
 
3 
 
 
 
4 
 
 
 
5 
 
 
 
6 
 
 
 
7 

Chinese study   high 
background  
2.28mGy/Yr 
 
Indian study higher 
BG in 5 cities  600-
800 µSv/yr 
 
US Study on variable 
BG radiations & Ca 
mortality 
 
US Study, radon 
levels and lung 
cancer incidence 
 
UK study with radon 
levels and lung 
cancer  
 
Indian Study, Kerala 
BG radiation 4-
70mGy/year 
 
Japanese Atom bomb 
survivors9 < 200 
mGy 

Lower Cancer 
mortality 
 
Less Cancer 
incidence 
 
-ve correlation to 
radiation dose 
 
-ve correlation 
with lung cancer 
 
-ve correlation 
with lung cancer 
 
-ve risk for 
cancer incidence 
 
Survivors with 
disease free 

Canadian study in 
nuclear power 
station 
 
British nuclear 
power workers 
 
US study on 
plutonium plants 
 
US study on ship 
yard nuclear 
workers 
 
Nuclear workers, 
Rocket-dyne USA 
 
Pooled study from 
7 reports 
 
15 countries pooled 
study, no effects 
 

58% lower cancer 
mortality 
 
Less cancer 
frequency 
compared to others 
 
70% lower cancer 
mortality 
 
Lower mortality 
rates than non-
nuclear 
 
Workers showed 
low 
Rates of cancer 
death 
 
No effect of low 
level radiations 
 
Cumulative mean 
dose 19.5mSV 

 
   Recently Italian researchers claimed that low dose radiation exposure at levels considered 
safe by regulatory bodies can induce biological and cellular changes that might offset the 
hazards of radiation due to protective mechanisms. Therefore low radiation exposures are not 
as harmful as was thought so far. At low doses reduction of damage from endogenous sources 
by adaptive protection may be equal to or outweigh radiogenic damage induction.   Data from 
interventional cardiologists who were exposed to median radiation exposure 4.7mSv/Y; and 
lifetime exposure ranging from 20mSv to 100mSv, working in cardiac cath.lab compared with 
matched unexposed controls documented adaptive responses with low dose radiations. 
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Fig.1 Net Cancer Risk lower than expected by  LNT model 
(Reproduced with permission 14) 

 
2 recent studies  brought out clearly that a) there is growth inhibition in cells in the absence of 
radiations and b) a ‘stress response’ seen when cells were grown under reduced radiation 
conditions.  The possibility of ecological studies of environmental exposure to ionizing 
radiation to contribute to our knowledge on effects of low dose exposure is limited. The 
effects of natural background radiation are low and other risk factors will distort the results. 
Advances in molecular biology and genetics will hopefully increase the likelihood of finding 
the “true” effect of ionizing radiation at low doses. Research will focus on understanding 
cellular processes responsible for recognizing and repairing normal oxidative damage and 
radiation-induced damage. If the damage and repair induced by low dose radiation is the same 
as for other oxidative damage, it is possible that there are thresholds of damage that the body 
can handle. On the other hand, if the damage from ionizing radiation is different from normal 
oxidative damage, then its repair, and the hazard associated with it, may be unique and a 
threshold will never be identified. It appears, therefore, that radiation is necessary for ‘normal 
growth’? It is therefore becoming necessary to institute awareness, to enlighten the people 
about the myths and realities of radiation effects.  
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